Abstract: There has not been a national dietary study in children in South Africa since 1999. Fortification of flour and maize meal became mandatory in October 2003 to address micronutrient deficiencies found in the national study in 1999. The purpose of this review was to identify studies done after 1999 in schoolchildren, 6-15 years old, in order to determine whether dietary intakes reflected improvements in micronutrients, namely: iron, zinc, vitamin A, folate, thiamine, riboflavin, vitamin B6, and niacin. An electronic and hand search was done to identify all studies complying with relevant inclusion criteria. The search yielded 10 studies. Overall, there is a paucity of dietary studies which have included the fortified nutrients; only four, of which only one, reported on all micronutrients; making it difficult to determine whether fortification has improved the micronutrient intake of schoolchildren. This is further complicated by the fact that different dietary methods were used and that studies were only done in three of the nine provinces and thus are not generalizable. The results of these studies clearly point to the importance of doing a national study on the dietary intake of schoolchildren in order to confirm the outcomes of the fortification process.
Introduction
Schoolchildren are nutritionally very vulnerable both at junior and at high school levels. This is explained amongst others by the fact that they spend a considerable amount of time out of the home, while it is also a period of rapid growth, particularly during adolescence [1, 2] . Children and adolescents are also well known to make poor food choices [3] . Most schools in South Africa have a tuck-shop (food store) and these frequently sell items which are energy dense (high in fat and sugar) and low in micronutrients [4] . Examples include donuts, crisps, fat cakes (fried dough balls), and carbonated sweet beverages [5] . This is a situation which could be contributing to the increase in childhood obesity and micronutrient deficiencies However, it should also be noted that, in South Africa, a large percentage of the population are economically challenged since the unemployment rate is 29% [6] . Hence a large number of children live in food insecure homes and are themselves vulnerable to undernutrition and micronutrient deficiencies. Consequently, schoolchildren are exposed to both over and undernutrition, which emphasizes the importance of surveillance data on dietary intake [7] .
The first, and only, national survey on dietary intake data in children (National Food Consumption Survey-NFCS) in South Africa took place in 1999 and has been reported on extensively [8] [9] [10] [11] [12] [13] . The survey population comprised all children aged 1-9 years. A total of 156 Enumerator Areas were included in the study of which 82 were urban and 74 were rural. A total of 3120 children aged 1-9 years were included in the survey. The dietary assessment tools used were the 24 h recall (24 HR)
Results
Since 2000, there have been 10 studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] on children aged 6 to 15 years (Table 1) . Seven of the studies used a 24 HR of which one study used two 24 HRs and one used three 24 HRs. Three studies used a QFFQ to obtain dietary data. Three studies [18] [19] [20] were published before fortification was introduced in 2004; three studies were published after 2004, with data collection for two of these studies having taken place before 2004 [21, 22] and for one after fortification was introduced [23] . The fortification nutrients were, however, not included in the latter study. Four studies were published after fortification was introduced, and the fortified nutrients were included [24] [25] [26] [27] . In South Africa, dietary data is analyzed using the Medical Research Council dietary data software FoodFinder. To date, the fortified nutrients have not been added to maize and flour products in the food composition data base and have to be added separately on the FoodFinder program. The latter four studies reported doing this. However, unfortunately, these four studies do not all report on all the micronutrients. In order to compare data with the estimated average requirements (EARs) the values for the 9-13 years old age group were used since this was the most common age category within which the studies age categories fell.
All the studies which reported mean energy intakes found that the values were below the estimated energy requirement (EER) based on an active physical activity level. None of the studies reported mean protein intakes below the EAR values for age.
Only one study in the Free State Province [24] (Figure 1 map) reported mean iron values below the EAR values (Table 2, Figure 2 ). This study included fortification values [24] . Even the studies which did not include fortification had mean values above the EARs. It is interesting to note that the NFCS had a mean iron intake value above the EARs.
Two studies reported mean zinc values below the EARs, both in Gauteng Province, with both including fortification nutrients [25, 27] (Table 2 , Figure 3 ). The NFCS also reported a mean value below the EAR. Four of the six studies (which reported vitamin A values) showed mean vitamin A intakes less than the EARs (Table 2, Figure 4 ). These include two of the four studies which had fortification nutrients added [24, 27] . The NFCS had a mean vitamin A intake above the EARs. There were no studies that showed thiamine levels below the EARs ( Figure 5 ). The NFCS mean vitamin A and thiamine values were above the EARs.
Two studies and the NFCS reported mean vitamin B6 values below the EARs (Table 2 , Figure 6 ), one with fortification nutrients added [24] and one without [21] . Mean vitamin B6 value for the NFCS was below the EARs. All studies and the NFCS showed folate levels below the EARs (Table 2, Figure 7 ). Of the four studies which measured niacin, including one with fortification nutrients [24] and one without [21] , two showed levels below the EAR values (Table 2, Figure 8 ). The mean value for the NFCS was less than the EARs for niacin. Only one study, which included fortification nutrients [24] , reported a riboflavin value less than the EAR. The NFCS showed a mean riboflavin value above the EARs (Table 2, Figure 9 ).
The foods commonly eaten as reported in five of the studies are shown in Table 3 . There appear to be large differences between studies. In Limpopo Province [28] and in Free State Province [24] fortified maize was eaten by 98% of the participants, while this decreased to 34.5% in Gauteng Province [27] . Fortified bread was eaten by more than 90% of participants in Limpopo Province [28] and Gauteng Province, but only by 45% in Free State Province [24] and 64% in one study in Gauteng Province [25] . The amount of bread eaten varied between 85 g (three slices) to 146 g (five slices) per day, while the amount of maize porridge varied between 141 g (1/2 cup) to 628 g (21/2 cups) per day. These results confirm that the two fortified vehicles were eaten by children in all studies. Figure 4 ). These include two of the four studies which had fortification nutrients added [24, 27] . The NFCS had a mean vitamin A intake above the EARs. There were no studies that showed thiamine levels below the EARs ( Figure 5 ). The NFCS mean vitamin A and thiamine values were above the EARs. Two studies and the NFCS reported mean vitamin B6 values below the EARs (Table 2 , Figure 6 ), one with fortification nutrients added [24] and one without [21] . Mean vitamin B6 value for the NFCS was below the EARs. All studies and the NFCS showed folate levels below the EARs (Table 2, Figure  7 ). Of the four studies which measured niacin, including one with fortification nutrients [24] and one without [21] , two showed levels below the EAR values (Table 2, Figure 8 ). The mean value for the NFCS was less than the EARs for niacin. Only one study, which included fortification nutrients [24] , reported a riboflavin value less than the EAR. The NFCS showed a mean riboflavin value above the EARs (Table 2, Figure 9 ).
The foods commonly eaten as reported in five of the studies are shown in Table 3 . There appear to be large differences between studies. In Limpopo Province [28] and in Free State Province [24] fortified maize was eaten by 98% of the participants, while this decreased to 34.5% in Gauteng Province [27] . Fortified bread was eaten by more than 90% of participants in Limpopo Province [28] and Gauteng Province, but only by 45% in Free State Province [24] and 64% in one study in Gauteng Province [25] . The amount of bread eaten varied between 85 g (three slices) to 146 g (five slices) per day, while the amount of maize porridge varied between 141 g (1/2 cup) to 628 g (21/2 cups) per day. These results confirm that the two fortified vehicles were eaten by children in all studies. 3 Samuel, et al. [25] Not given 4.6 (2.2) Not given Not given Not given Not given Not given Not given 3 Oldewage-Theron [26] Not given Not given Not given Not given Not given Not given Not given Not given 3 Oosthuizn et al. [27] I = 10.6; C = 11. 1 Limpopo study was not part of the 10 studies since only foods were reported and not nutrients.
Discussion
Our review showed that comprehensive dietary intake data that may reflect the national data are not available. Overall, there were 10 studies in schoolchildren post the NFCS of which one was in Free State 1 Limpopo study was not part of the 10 studies since only foods were reported and not nutrients.
Our review showed that comprehensive dietary intake data that may reflect the national data are not available. Overall, there were 10 studies in schoolchildren post the NFCS of which one was in Free State Province [24] , two were in North West Province [19, 20] and the rest were in Gauteng Province [18, [21] [22] [23] [25] [26] [27] . The majority of studies reflect urban data for black subjects, and with the exception of the North West Province studies [19, 20] , which had small sample sizes making it difficult to generalize the data. The majority of studies in the review [18, 21, [23] [24] [25] [26] [27] published their results as means with boys and girls together. No explanation was given for this and this can be regarded as a further limitation regarding the generalizability of the data. This review clearly illustrates the importance of obtaining national representative data and is in itself an important finding for other countries in a similar situation since national representative intakes are important for policy makers in order to develop and implement health interventions. The intention of this review was to see if one could find sufficient studies representative of the different provinces to predict quantified nutrient intakes in lieu of an absence of national data.
Only 5 of the 10 studies used more than one 24 HR or a QFFQ for dietary intake assessment. These methods better reflect usual intake than a single 24 HR [29, 30] . However, the large sample sizes of two of the studies that used a single 24-h recall [19, 20] may attenuate the limitations of this method. Micronutrient intake data presented in the Oldewage-Theron (2006) study [21] may underestimate the intake of all the fortification nutrients as these were not added as part of their nutrient intake quantification due to fortification data not added to food tables. It further needs to be considered that only three of the nine provinces in the country were represented in the identified studies. Provinces in South Africa vary considerably both geographically and economically, hence it is difficult to generalize data from one province to another.
Mean energy intake was found to be below the EER in all studies, which could be expected to result in a high prevalence of underweight and low or no prevalence of overweight/obesity in this age group. Considering the fact that the documented underweight prevalence of 8.6% for boys and 4.0% for girls in the SANHANES [7] reflects "low prevalence" based on the WHO cut-off value of <10% for public health significance, as well as the fact that obesity prevalence in this age group has been increasing, the validity of the EER values should be questioned. Within the context of the mentioned anthropometric indicators, it is possible that under-reporting may have been a limitation in all studies, irrespective of the dietary methods used [29, 30] . This limitation has bearing on the interpretation of the adequacy of intake of all other nutrients reported in the studies reviewed. The lowest energy intake was reported by Oldewage-Theron et al. for children in a very poor rural area called Qwa Qwa in Free State Province [24] . The low intakes in this study may be a true reflection of intake as three 24 HRs were used for dietary intake assessment, and may be associated with the poor socio-economic circumstances of these children.
Considering the apparent inadequate energy intake, it is interesting to note that mean protein intakes were above the EARs in all studies, even in the Free State Province study [24] . As no detail on the sources of protein (i.e. plant versus animal) and actual food choices were reported, it is not possible to speculate on this finding of our review. However, if the typical dietary patterns of South Africans are considered, especially black South Africans in urban areas, the intake of legumes [8] , could have contributed to protein intakes.
With fortification in place since 2004, the expectation would be for any dietary inadequacies in terms of micronutrient intakes that were reported prior to fortification by Labadarios et al. [8] in the NFCS), Mackeown et al. [18] , Schutte et al. [19, 20] , Peterson et al. [22] , and MacKeown et al. [23] , would have been addressed. However, review of micro-nutrient intakes reported in the studies included in this review, including the NFCS [8] , firstly shows that mean intake of fortification nutrients were not necessarily below the EAR before fortification. Secondly, results do not reflect complete resolution of the purported micronutrient intake risks post fortification. It needs to be mentioned that risk of deficiency for the purposes of this review was defined as a mean intake below the EAR, whereas the NFCS used a cut-off of intake below 67% of the RDA, which may have resulted in overestimation of risk of deficiency in that study. It is important to note that the micronutrients selected for fortification were based on the results of the NFCS (thus based on the higher cut-off).
When comparing micronutrient intake results across studies, it is important to bear in mind that there were three types of studies. Firstly, studies which were undertaken before fortification became mandatory, namely prior to 2004; secondly, studies which took place after 2004 but the researchers did not include the fortification in their data analyses; and thirdly, studies which took place after fortification and where the researchers did include the fortification nutrients in their analyses. Unfortunately, only four studies [24] [25] [26] [27] reported on micronutrient intakes and in some instances not all the relevant ones.
Mean iron intakes were reported on in seven of the reviewed studies [18] [19] [20] [21] 23, 24, 27] , as well as the NFCS [8] . Results reflect no iron deficiency risk in all, including the NFCS, but one of these studies, the latter being the Free State Province study [24] . This implies that iron intakes were adequate pre-and post-fortification, despite the possibility that underestimation may have been a limitation in most of the studies. Data from the SANHANES study in 2012 support a low prevalence of iron deficiency since only 10.5% of 16-25 years old adolescents and women were found to have iron deficiency anemia (Hb ≤ 12 g/dL and ferritin ≤ 15 µg/L These results that point to adequate intakes prior to 2006 are not aligned with the estimation of iron deficiency anemia in South African children and adolescents of 25.5% by the Global Burden of Disease 2013 Study [31] . A possible explanation for this situation is that iron intake in the investigated communities may be mostly in the non-heme form, with poor bioavailability thus contributing to iron undernutrition found in children and adolescents, despite adequate intakes. It needs to be seen whether the seemingly adequate iron intakes reported in the post fortification era will result in improved iron nutriture in the study areas and the country as a whole in the years to come.
Mean zinc intakes were reported on in six of the reviewed studies [18, 19, 21, 23, 25, 27] . The mean intake reported in the NFCS was below the EAR, reflecting actual risk of zinc deficiency. Inadequate post fortification (2010) intakes were reported by Samual et al. [25] for urban blacks (despite fortification nutrients being included in quantification of intake) and by Oldewage-Theron et al. [21] , who reported on post-fortification (2006) for another group of urban blacks living in informal settlements in Gauteng Province. Fortification with nutrients was not included in quantification of intake of the latter study, thus reported low intakes may thus be the result of underestimation of actual intake. As there is a paucity of information on the actual zinc status of South African children and adolescents, the validity of these dietary intake results need further investigation.
Mean vitamin A intakes were reported on in six of the reviewed studies [18, 19, 21, 23, 24, 27] , including the Free State Province study [24] , as well as the NFCS [8] . The mean intake found in the NFCS was above the EAR, thus reflecting no vitamin A deficiency risk, as opposed to the interpretation of the NFCS using the <67% RDA cut-off, which indicated risk [8] . Only two other studies conducted in Gauteng Province [21, 23] reported adequate intakes. Data on the blood vitamin A status of female adolescents and adults (16-25 years) who participated in SANHANES [7] showed that 11.6% had a mild vitamin A deficiency of <0.7 µmol/L.
As for B-vitamin intakes, it is interesting to note that the NFCS mean nutrient intakes were below the EARs only for niacin, folate, and vitamin B6, but not for thiamine and riboflavin, indicating that fortification with the latter two vitamins may not have been necessary. The other two pre-fortification studies and all of the post-fortification studies showed that thiamine intakes were above the EAR.
There were two studies that consistently showed the lowest micronutrient intakes, with the exception of thiamine. These included a study by Oldewage-Theron et al. [21] in Gauteng Province in an informal settlement with dietary intake measured by means of a QFFQ and another study by the same author where dietary intake was measured by means of three 24 HRs in Free State Province [24] . It needs to be noted that the dietary methodology used in both these studies have been reported to provide a better indication of usual intake than for example the single 24 HR used in some of the other studies included in this review. Further support for the possibility that intakes in these two areas were truly low comes from the fact that Qwa Qwa in Free State Province is a very poor rural area and intakes can thus be expected to be low [24] . The informal settlement, previously called a squatter camp, in Gauteng Province is also characterized by having participants from very low socio-economic strata, with many being unemployed [21] . However, since the fortification nutrients were not added to the dietary data in the latter study [21] it is likely that the micronutrient results presented by these researchers are underestimated. Micronutrient intake data reported by Schutte [19] , Schutte [20] , and Oosthuizen [27] need to be interpreted with caution as the dietary method used was a single 24 HR. The same is true for the NFCS, although the sample size in the latter does increase the validity of the outcomes.
With mandatory fortification, the expectation was that all the deficient nutrients would be met. However, based on the finding that there were only four studies which included the fortification nutrients [24] [25] [26] [27] , one is unable to say with some assurance that fortification of maize and bread have improved micronutrient intakes. The study in Free State Province [24] was done in a very poor area and it is possible that even fortification of staple foods was not sufficient to improve low intake of micronutrients which would also have been affected by the low energy intakes. However, another study, which included fortification, was done in a peri-urban area of Gauteng Province in 2011 [27] where dietary intakes patterns of the children were based on carbohydrates and fat with a low consumption of fruit and vegetables. The latter study showed significantly higher intakes of mean vitamin B6, riboflavin, zinc, and iron when compared with the NCHS results of 1999. These findings do suggest that fortification was responsible for the higher intakes in this study. Furthermore, a study was undertaken in 2008 which calculated the theoretical mean intakes of micronutrients after addition of the fortificants to the diets of the NFCS children [12] . Significant improvements were found in intakes of all the micronutrients, particularly in children living in the poorer rural areas.
Food intake data from the present review shows that in studies which examined the percentages of schoolchildren who consumed fortified bread or maize meal or both, intakes were high, indicating that one or both fortified foods were consumed by nearly everyone. This is a very positive finding, since it indicates that the vehicles used for fortification are correct.
In summary, the benefits of this review are the following: Firstly, a number of studies presented data on macro-and micronutrient intakes which can be compared with those of schoolchildren in other low and middle income countries. Secondly, the importance of having up to date food composition tables is critical for doing dietary intake studies. In this study, it is shown that the food composition tables were not updated to reflect food fortification values after mandatory fortification was introduced. This makes a significant difference to the actual values of specific micronutrients which were reflected in the various studies. Thirdly, this study illustrates the importance of doing a national study to obtain dietary intakes and, furthermore, it shows that if such funding is not available one can still use the data from local studies to make a reasonable assessment of the situation, which is better than having no data available. Such data is essential if governments wish to fortify specific foods, since they need to determine which nutrients are deficient in the diet.
Conclusions
Overall, there is a paucity of dietary studies which have included fortified nutrients, making it difficult to determine whether fortification has improved the micronutrient intakes of schoolchildren. This is further complicated by the fact that different dietary methods were used and that studies were only done in three of the nine provinces. The results of these studies clearly point to the importance of doing a national study on the dietary intake of schoolchildren in order to confirm the outcomes of the fortification process.
